CONTEXT: Migraine is the second most common headache disorder. However, prophylactic therapy remains underutilized.
Introduction
M igraine headache is a common, universal, and incapacitating neurological disorder. The average prevalence of migraine is about 18% in women and 6% in men. [1] [2] [3] Majority of the patients with migraine require medication for the acute attack. Patients with an increased frequency of attacks (≥4/month, usually over 4-6 months) or with attacks that are either poorly responsive or unresponsive to acute treatments are ideal candidates for a prophylactic therapy, with the aim to reduce the frequency of attacks. The drugs approved for the prophylactic treatment of migraine headache include propranolol, sodium valproate, topiramate, flunarizine, and methysergide. [3] None of the available prophylactic agents are universally effective, and thus, the search continues to identify an agent with maximal efficacy and minimal adverse effect.
Propranolol is one of the most regularly used drugs for migraine prophylaxis with many clinical trials consistently proving its efficacy in reducing the frequency of migraine attacks. [4] [5] [6] [7] The prophylactically effective dose of propranolol ranges from 40 to 400 mg/day. The short-acting formulation can be given three to four times a day, and the long-acting formulation can be given once or twice a day. [8] Various studies have compared the efficacy of propranolol in different oral doses and with different drugs such as flunarizine, low-dose topiramate, and histamine. [4] [5] [6] [7] 9] Efficacy of anticonvulsant drugs for migraine prophylaxis has been tested since long, with sodium valproate being the first drug approved from this group. Efficacy of sodium valproate in migraine prophylaxis has also been proven in many studies, where sodium valproate has been compared with different drugs in various doses. [10] [11] [12] [13] [14] [15] The prophylactically effective dose of sodium valproate ranges from 500 to 1500 mg/day. [8] In spite of extensive literature search, we could not find any study comparing low-dose sodium valproate versus low-dose sustained release (SR) formulation of propranolol in the prophylaxis of migraine headache with reference to adult Indian population. If these low doses of sodium valproate and propranolol were actually effective in preventing migraine headache, it would imply a reduction in dose-dependent adverse effects as well as in the cost.
Thus, the present study was conducted with the objective of comparing the efficacy and safety of low-dose sodium valproate with low-dose SR formulation of propranolol in migraine prophylaxis.
Materials and Methods
This was a single-center, randomized, open-label, comparative, parallel-group study conducted in 60 newly diagnosed patients of common migraine headache, visiting the psychiatric outpatient department of a tertiary teaching institute over 18 months (February 2016-July 2017). The study was performed after approval of the Institutional Ethics Committee (EC/Pharmac/GMC/NGP/878). Informed consent was obtained from all the participants, and the study was registered in the Clinical Trial Registry of India (CTRI/2017/10/010241). 
Selection criteria

Study procedure
Migraine prophylactic therapy-naive patients who satisfied the selection criteria were included in the study. After allocating to their respective groups, body weight, pulse rate (PR), and blood pressure (BP) of the patients were recorded. RBS, lipid profile, KFT, and LFT were carried out as the screening and baseline investigations.
All the patients were asked to report every 4 weeks till 12 weeks for evaluation by a clinician. All the patients received respective medication for 4 weeks. At each subsequent visit, BP, PR, and body weight were recorded and the following details about migraine attack were obtained from the migraine diary as recorded by the patient -date and time of onset, time taken for relief of symptoms, distribution of headache, type of headache, frequency of attacks, severity of headache, associated symptoms, and use of rescue medication. The severity of headache was made from patients self-assessment migraine diary graded as mild = 1, moderate = 2, and severe = 3 [10] (Mild -pain without consequence on normal activity; moderate -pain restricting normal activity without the need to go to bed; severe -pain preventing any activity and requires bed rest).
The results of the treatment were rated as follows: excellent, a reduction in the frequency of the migraine attacks by ≥50%; moderate, a reduction in the frequency of the migraine attacks by 49%-25%; and poor, a reduction in the frequency of the migraine attacks by <25%. [9] 
Concomitant therapy
During the entire study, patients were allowed to use rescue medication for acute migraine attacks such as triptans or ergots and their combinations with nonsteroidal anti-inflammatory drugs (NSAIDs). Nonspecific drugs such as antiemetics, simple analgesics like acetaminophen, and NSAIDs were also allowed during acute migraine attack.
Primary outcome measure 
Safety assessment
General clinical safety was monitored by vigilant follow-up of patients for the treatment-emergent adverse events (AEs), and baseline laboratory investigations were repeated at the 12 th week.
Randomization
Random number table was used for random allocation of the study drugs. The randomized treatment allocation sequence was generated using a random number table.
Compliance with the study medication was determined by results of the interview at each patient visit, asking if they took the medication as prescribed and by direct pill count method.
Statistical analysis Sample size calculation
Assuming the standard deviation of 1.8 and minimum clinically important difference of 1 in the mean monthly migraine frequency, between any two groups for 80% power and Type I error of 0.05, the required sample size turned out to be 27 patients in each group. Hence, to detect a clinically relevant difference between each group, 30 patients in each group were recruited considering the dropouts of 10%. The sample size was calculated using PS: Power and Sample Size Calculation software version 3. 
Efficacy and safety analysis
Intention-to-treat analysis was used for all the statistical analysis. 
Results
A total of 96 patients were screened and 60 patients were included, with 30 patients in each group. In sodium valproate group, two patients were lost to follow-up and one patient did not have adequate relief in headache and so was not willing to continue the treatment. In propranolol SR group, two patients were not willing to maintain the migraine diary and were excluded from the study. Thus, a total of 55 patients (27 in sodium valproate group and 28 in propranolol SR group) completed the 12-week study [ Figure 1 ]. We have included all the 60 patients in our analysis under the intention-to-treat analysis.
In the present study, the baseline data showed no statistically significant difference between the study groups, with respect to demographic, clinical, and laboratory parameters, as well as headache characteristics [ Table 1 ]. This proved the homogeneity of our study patients in the two groups. The mean age in sodium valproate group was 37.33 ± 9.79 years and in propranolol SR group was 33.83 ± 11.85 years. The percentage of female patients was relatively more than that of male patients, i.e., 73.33% in sodium valproate group and 63.33% in propranolol SR group.
No significant change in body weight and diastolic BP was observed in both the groups, but significant change in PR (P < 0.0001) and systolic BP (P < 0.001) was observed only in propranolol SR group after the treatment [ Table 2 ]. Statistically significant decrease in mean PR and systolic BP was observed after the treatment in propranolol SR group as compared to sodium valproate group. Furthermore, no significant decrease in mean weight and mean diastolic BP was observed between the two groups [ Table 3 ].
Significant decrease in both frequency and severity (P < 0.0001) of migraine headache was observed after 4 weeks and maintained up to the end of the treatment in both the groups, whereas significant decrease in duration (P < 0.0001) of migraine headache was observed 
Sodium valproate versus propranolol sustainedrelease group
Effects of drugs were evaluated after 4, 8, and 12 weeks of treatment, taking into consideration the change from baseline values in headache parameters. No significant difference in frequency and duration of migraine headache was seen after 4, 8, and 12 weeks of treatment in sodium valproate group compared to propranolol SR group, except in severity of migraine headache, where significant decrease occurred after 12 weeks of treatment in propranolol SR group (P = 0.0410) compared to sodium valproate group [ Table 5 ]. Percentage (%) of responders at initial and increased dose showed no significant difference between the two groups in any of the ranges of percentage response [ Table 6 ].
Overall, 10 (33.33%) patients reported one or more AEs in the sodium valproate and 8 (26.70%) in the propranolol SR group. Drowsiness and increased appetite were reported in 13.33% and 10.00% patients of the sodium valproate group, respectively, and in 10.00% and 6.67% patients of the propranolol SR group, respectively. Similarly, insomnia and vertigo were reported in 3.33% patients each of the sodium valproate group and in 10.00% and 3.33% patients of the propranolol SR group, respectively. Weight gain was seen in 10.00% of patients of sodium valproate group. Furthermore, decreased appetite and increased headache were seen in 3.33% patients each in propranolol SR group. Transient AEs such as mouth ulcers and paresthesia over both hands and feet were seen in 3.33% patients each in sodium valproate group only. There was no significant difference in RBS, lipid profile, KFT, and LFT after 12 weeks of treatment in both the groups.
Discussion
The principal finding of our study indicates that both low-dose sodium valproate and low-dose SR formulation of propranolol significantly decreased the frequency, severity, and duration of headache.
Maximum decrease in frequency, severity, and duration of migraine headache in both the groups occurred at visit 2 (4 weeks), indicating a similar onset of action and rate of symptomatic improvement. During the subsequent visit, there was a gradual further decrease in the headache parameters, indicating that the improvement was sustained throughout the study without loss of efficacy. None of the available studies compared the time of onset of sodium valproate and propranolol SR.
In sodium valproate group, there was a significant decrease in frequency, severity, and duration of migraine headache. Similar finding was observed in other studies. [10] [11] [12] [13] [14] The mechanism of action of sodium valproate in migraine prophylaxis is not fully agreed upon although indirect increase in Gammaaminobutyric acid (GABA) activity is involved. Proposed antinociceptive activity at the trigeminal nucleus caudalis includes increasing presynaptic GABA levels in synaptosomes by inhibition of GABA aminotransferase, increasing the response to GABA postsynaptically, and inhibition of neurogenic inflammation through GABA A potentiation. [16] Similarly, in propranolol SR group, there was a significant decrease in frequency, severity, and duration [4] [5] [6] [7] 17] The mechanisms of action of propranolol in migraine prophylaxis are not fully understood; it is proposed that propranolol reduces central hyperexcitability through β1-mediated inhibition of noradrenaline release, thus reducing central catecholaminergic hyperactivity, and enhances antinociception, antagonism of 5-HT 1A and 5-HT 2B receptors, which decreases neuronal excitability, and β2-mediated inhibition of nitric oxide (NO) synthesis by blocking inducible NO synthase. [16] The percentage of responders was 60% in sodium valproate group and 70% in propranolol SR group. Furthermore, it was observed that only a third and less than one-fourth of patients required higher doses of sodium valproate and propranolol, respectively, in controlling migraine attacks.
Low doses of sodium valproate have also been found to be effective by Afshari et al. in a clinical trial comparing low-dose topiramate and sodium valproate. [11] A significant decrease in monthly frequency, duration, and intensity of headache occurred in both the groups. Similarly, low-dose sodium valproate has been compared with cinnarizine and levetiracetam in different studies. [12, 13] Propranolol was tried in different doses for migraine prophylaxis in a clinical study, and low dose was found to be equally efficacious in reducing frequency and duration of headache. [18] Low doses of propranolol have also been found to be effective by Ashtari et al. and Cortelli et al. [6, 18] Various studies have compared slow release propranolol and single dose of propranolol with other drugs such as flunarizine and candesartan. [5, 17] There was no significant difference in frequency and duration of migraine headache in between sodium valproate and propranolol SR group. However, there was statistically significant decrease in the severity of migraine headache in propranolol SR group compared to sodium valproate group at the end of the study. Furthermore, there was no significant difference in percentage of responders in between sodium valproate and propranolol SR group at the end of the study. Only one study is available, comparing the efficacy of sodium valproate with propranolol in the prophylaxis of migraine headache in the adult population but with different dose strength and for different treatment duration. [15] Similar results were obtained in our study although at much lower doses.
The secondary objectives of our study were to assess the adverse drug profile of sodium valproate and propranolol SR in the patients of common migraine headache. We found that, at the end of the treatment period, RBS, lipid profile, LFT, and KFT were within normal limits in both the treatment groups and intergroup analysis revealed no significant difference in any of these parameters. None of the available studies monitored RBS, lipid profile, and KFT in patients treated with sodium valproate. However, some of the available studies monitored LFT and found no significant change. [11, 12, 14, 19] Furthermore, none of the available studies monitored RBS, lipid profile, KFT, and LFT in patients treated with propranolol. Sodium valproate is known to raise the levels of serum transaminases, and propranolol is known to increase plasma triglyceride level and low-density lipoprotein/high-density lipoprotein ratio, but we did not find any such altered values. [20] This may be because of the low doses used in this study.
In sodium valproate group, there was no significant change in PR, BP, and weight at the end of the study. Similar findings are reported by Afshari et al. and Togha et al. [11, 19] In propranolol SR group, there was a significant decrease in PR and systolic BP and no significant change in diastolic BP and weight at the end of the treatment period. Similarly, significant decrease in PR and systolic BP was reported by Diener et al. [5] and Gawel et al., [21] and no significant change in weight was reported by Tfelt-Hansen et al. [22] and Cortelli et al. [18] Intergroup analysis revealed significant change in PR and systolic BP and no significant change in weight and diastolic BP at the end of the treatment period in propranolol SR group as compared to sodium valproate group. Decrease in systolic BP and PR during the treatment period although significant was only moderate and did not necessitate any withdrawal of treatment.
AEs were noted in ten patients receiving sodium valproate and eight patients receiving propranolol SR. Drowsiness was the most common AE in both the groups. Most of the AEs noted in our study have been reported in earlier studies such as drowsiness, increased appetite, weight gain, insomnia, and vertigo in sodium valproate group [10] [11] [12] 23] and insomnia, drowsiness, increased headache, and vertigo in propranolol SR group. [4, 5, 24] AE rate was more in sodium valproate group as compared to propranolol SR group but did not lead to drug discontinuation.
Limitations
Limitations included open-label nature of the study, and the protocol did not allow a further increase in dose in patients with inadequate response. Further, elaborate multicentric studies involving a larger number of patients, with different comorbidities and risk factors, and receiving different concomitant medications, with a longer duration of prophylactic therapy may be undertaken to generate more efficacy data regarding the relative efficacy and tolerability of these low-dose medications.
Conclusion
Both low-dose sodium valproate and low-dose SR formulation of propranolol significantly decreased the frequency, severity, and duration of migraine headache. Low-dose SR formulation of propranolol offers a significant decrease in the severity of migraine headache compared to low-dose sodium valproate. Sixty percent of patients were responders in sodium valproate group and 70% in propranolol SR group. In addition to confirming the well-known utility of both sodium valproate and propranolol in migraine prophylaxis, our results show that low doses are effective in controlling serious migraine attacks in many patients.
